Background: The aims of this study were to establish the diagnostic accuracy of the European Cross-Cultural Neuropsychological Test Battery (CNTB) for dementia in different ethnic populations in Western Europe, to examine its ability to differentiate cognitive impairment profiles for dementia subtypes, and to assess the impact of demographic variables on diagnostic properties.
properly validated in cross-cultural settings and will often be inappropriate or even misleading in evaluations of ethnic minorities as they are biased by cultural, linguistic, and educational factors. [2] [3] [4] This is especially evident in the case of assessments of elderly migrants with limited education and proficiency in the language of the receiving country. [5] [6] [7] [8] Thus, a significant challenge when assessing patients from ethnic minorities with conventional neuropsychological tests is the unknown validity of the tests in these populations.
The European Cross-Cultural Neuropsychological Test Battery (CNTB) 9 is a recently designed neuropsychological test battery that might prove useful for evaluation of Alzheimer's disease (AD) and other dementia disorders in multicultural populations. The CNTB can be administered in approximately 60 minutes by trained personnel and covers global cognitive function, memory, language, executive functions, and visuospatial functions. In a previous study, the CNTB was found to be appropriate for assessment of cognitively intact middle-aged and elderly Turkish, Moroccan, former Yugoslavian, Polish, and Pakistani/Indian Punjabi minority populations, as well as majority populations in Western European countries, and normative data was presented. 9 The Rowland Universal Dementia Assessment Scale (RUDAS), 10 a well-established multicultural cognitive screening test, is included in the CNTB. However, as the RUDAS is a brief screening instrument, it may have certain limitations when it comes to detection of the early cognitive deficits in dementia disorders and to differentiating between dementia subtypes.
Although one of the primary goals when designing the CNTB was the specific purpose of identifying and characterizing cognitive impairment in AD and other dementia disorders, information regarding diagnostic accuracy for the battery is still lacking. In addition to incorporating measures known to be sensitive to dementia, the ability to profile impairment across cognitive domains is critical in characterization of dementia subtypes, which may be fundamental for early accurate diagnosis and for planning treatment, support and care. 11 In light of this, the aims of the present study were to establish the diagnostic accuracy of the CNTB for dementia ethnic minority and majority populations in Western Europe, to examine its ability to characterize cognitive impairment profiles for dementia subtypes, and to assess the impact of demographic variables on diagnostic properties.
| MATERIALS AND METHODS
The study was an international cross-sectional multi-center study carried out in multidisciplinary memory clinics in Berlin, Germany; Brussels, Belgium; Copenhagen, Denmark; Malmö, Sweden; Oslo, Norway; and Thessaloniki, Greece. criteria for dementia 12 and diagnostic research criteria for dementia subtypes. [13] [14] [15] [16] The consensus diagnosis reached by the multidisciplinary team was used as the reference standard.
| Cognitively intact control participants
The control sample was derived from a sample of cognitively intact participants from the CNTB normative study that was conducted from • The CNTB has promising diagnostic properties and is relatively unaffected by ethnic and educational differences. Additionally, this study provides preliminary evidence that the CNTB may be used to characterize cognitive impairment profiles in dementia disorders.
• We believe the CNTB fills a fundamental gap in available neuropsychological methods, which is important for improving quality of dementia diagnostics in culturally diverse patient populations and for reducing ethnic inequality in dementia care.
clinical depression on the 15-item or two-stage 5/15-item Geriatric Depression Scale (GDS) 17, 18 were excluded. All participants were enquired about any vision or hearing impairment and were assessed using their hearing aids or usually worn glasses when this was confirmed.
Cognitively intact participants from the normative study were matched by education and age to patients with dementia by listwise exclusion of those with higher education and younger age until significant differences between the two groups were no longer present (education F (1, 182) = 2.24, P = .14; age F (1,182) = 2.95, P = .09). From the pool of 330 participants in the normative study, 118 were included as control participants in the present study.
| Procedures
All participants underwent an approximately 90-minute assessment, including a structured demographic and medical interview, screening for depression with the GDS, and the CNTB. All participants were assessed by trained examiners in their primary language using multilingual research assistants or interpreters when necessary. Tests were always administered in the same order. Education was measured as years of formal education and ethnicity was classified according to country of origin. The study was approved by the relevant ethics and data protection authorities at each site and adhered to the Declaration of Helsinki for research involving human subjects.
| European Cross-Cultural Neuropsychological Test Battery (CNTB)
The CNTB consists of 12 tests proposed to cover several cognitive domains and was designed to (1) be relevant for assessment of cognitive impairment in AD and other dementia disorders; (2) be applied across ethnic groups and languages without need to change the content; (3) be administered with an interpreter in a straightforward manner; and (4) be performed on people with limited or no education.
The individual tests in the CNTB are briefly presented in Table 1 Learn and remember 10 colored pictures on three learning trials; the first trial consists of incidental recall of the pictures. Free recall and recognition of target pictures after a 10-min interference interval.
0-10
Enhanced Cued Recall (ECR) 20 Sixteen colored pictures have to be recalled shortly after presentation, and a semantic cue is given for those pictures that are not freely recalled; the score is the total score of free and cued recall.
0-16
Recall of semi-complex figure 9 Copy of semi-complex figure and without forewarning recall it after a 3-min interference interval.
0-22
Language Picture naming 9 Naming of the 10 colored pictures in the first learning trial on the RPT.
0-10
Category verbal fluency 21 Consists of two components: Animals and supermarket items; 1 min for each. Words produced
Executive functions
Color Trails Test (CTT) 22 Has two components: CTT 1 requires participants to connect numbered circles in ascending order; CTT 2 requires participants to switch between pink and yellow colors while connecting circles in an ascending sequence (ie, pink 1, yellow 2, pink 3, yellow 4, and so on).
Time in seconds
Five Digit Test (FDT) 23 Has three components: FDT 1 requires participants to name a series of 50 digits; FDT 2 to count a series of 50 asterisks; FDT 3 to count a series of 50 digits in which the numeric value of the digits is incongruent with the number of digits.
Serial threes 24 Participants are required to count down from 20 by threes. 0-6
Visuospatial functions
Copying of simple figures 25 Copy of two simple figures; a Greek cross and a four-pointed star.
0-6
Copying of semi-complex figure 9 Copy of semi-complex figure; the figure used in recall of semi-complex figure.
0-22
Clock Drawing Test (CDT) 26 Insert numbers and indicate the time 10 after 11 in a predrawn circle. 0-5
Clock Reading Test (CRT) 27 Read the time on a series of 12 different clocks without numbers.
0-12
The construct validity of the CNTB was generally supported by factor analysis in a previous study as only the language domain was not supported by this analysis. 9 In a sample of 330 cognitively intact Turkish, Moroccan, former Yugoslavian, Polish and Pakistani/Indian
Punjabi minority participants, as well as Western European majority participants, the effects of ethnicity and acculturation were found to be modest and comparable to the effect of age, on average explaining 2% to 5% of the variance in test scores, whereas education on average explained 14% to 16% of the variance. 9 Based on this, comprehensive multicultural normative data were constructed for the CNTB based on the whole sample.
| Data analysis
Anonymized data from each site were transferred to the Danish Dementia Research Center for central data management, quality control and pooling of the data in a combined data set. Imputed values for randomly missing test data were calculated following standard procedures using multiple regression modelling, including all test data as well as education and age. The sample size was calculated on the basis of RUDAS performances in the CNTB normative study. 9 Basing the sample size estimate on the most conservative approach (ie, using the ethnic group with highest standard deviation as reference) and a patient/control ratio of 1:2, 57 patients with dementia and 114 controls were required to detect a difference of 1 point on the RUDAS with a two-sided significance level of.05
and power of 80%. Norwegian, and 11 Swedish.
Participants with ethnic minority background were significantly younger (73.1 ± 6.8 years vs 78.2 ± 5.7 years; U = 2413, P < .001) and had fewer years of education (5.3 ± 5.7 years vs 11.6 ± 4.2 years; U = 1627, P < .001) compared with ethnic majority participants, but there were no significant differences in the distribution of genders.
| Diagnostic accuracy
Neuropsychological Test Battery performances of patients with dementia and control participants are presented in Table 3 . It should be noted that data on RPT incidental recall, picture naming, animal fluency, copying of simple figures, and copying and recall of semi-complex figure is missing for six Pakistani/Indian Punjabi control participants as the Norwegian site collecting these data used a slightly shortened test protocol. Also, the CTT and semi-complex figure was not administered to participants with less than 1 year of formal education. Consequently, data on these tests is missing for 13 patients with dementia and 24 control participants.
Significant differences between patients with dementia and control participants were present on all CNTB measures with large respectively (z = −.82, P = .42). However, the AUCs for copying of semi-complex figure (z = 3.37, P < .001) and CRT (z = 2.11, P < .05)
were significantly better in the minority group. Also, nonsignificant trends were present on ECR (z = 1.88, P = .06) and CTT 1 (z = 1.95, 
| Effects of demographic variables
To examine the effects of demographic variables on the CNTB measures, we carried out a series of logistic regression analyses with years of education, age, gender, and ethnic group as the independent variables. In these regression models, all CNTB measures predicted dementia. The ability to predict dementia was affected by years of 
| DISCUSSION
In this study, we present a collaborative European effort to develop valid cross-cultural neuropsychological methods for evaluation of dementia in minority and majority populations in Western Europe.
The results from the study suggest that the CNTB is able to detect dementia and that the diagnostic properties of most measures are relatively unaffected by ethnic and educational differences. Additionally, the results provide preliminary evidence that the CNTB may be used to characterize cognitive impairment profiles in dementia disorders.
Patients with dementia performed well below an education- and the poorest diagnostic accuracy for visuoconstruction and naming measures. [31] [32] [33] [34] Thus, the clinical utility of simple visuoconstructional and naming tests may generally be questionable for detection of early cognitive impairment in AD and other dementia disorders, probably due to a ceiling effect. On the other hand, these measures may be important for characterizing profiles of cognitive impairment. in studies using a variety of standardized tests and study populations 35 and suggest that the CNTB may be useful for identification of distinct profiles of cognitive impairment that differentiate patient groups with AD and non-AD dementia from each other.
However, this needs replication in larger and better characterized samples.
Designing an effective Cross-Cultural Neuropsychological Test
Battery for evaluation of dementia in majority and minority populations in Western Europe should be based on a carefully considered compromise between reducing linguistic, cultural and educational bias while retaining sensitivity to dementia. Failure to identify cognitive impairment may delay the diagnosis and the opportunity for therapeutic intervention and psychosocial support, whereas misdiagnoses may unduly cause emotional distress on patients and family members, lead to unnecessary treatments and potentially result in increased health-care burden and costs. 36 In the present study, using the optimal cut-off score to classify dementia generally resulted in acceptable to excellent SN and SP, whereas using scores below 5 This study has some limitations which should be taken into consideration. First, as this was a cross-sectional study with no follow-up, there is the possibility of some misclassification of both patients with dementia and controls. Especially in the case of patients from ethnic minorities this may be a limitation as there is no gold standard for cross-cultural dementia diagnostics 1, 37 and the MMSE and other commonly used cognitive instruments are known to be biased against ethnic minority groups. 3 This might have been resolved by a longitudinal study design. Also, although diagnoses were based on a comprehensive assessment and the consensus of multidisciplinary teams of senior clinicians it cannot be ruled out that the DSM-IV criteria were operationalized differently across participating centers. Second, the RUDAS was a principal part of the standard diagnostic assessment of patients from ethnic minorities in some of the participating memory clinics, and the diagnoses reached by the multidisciplinary teams may partly be based on the results from the RUDAS. Also, control participants with RUDAS scores <23 were excluded. This has probably led to an overestimation of the psychometric properties of the RUDAS. Third, participants were assessed using both multilingual research assistants and interpreters, which may make them less easy to implement in a stan- Finally, it cannot be ruled out that the broad classification of ethnic minority and majority groups may have masked or emphasized ethnic differences. However, in a previous study ethnic group and acculturation on average explained just 2% to 5% of the variance in test scores. 9 Although the specific ethnic groups differ from each other on many aspects, what they have in common is that they are either immigrants who are a cultural and linguistic minority in their country of residence or they belong to a native-born majority. This was also the main rationale for comparing ethnic majority and minority groups.
Despite these limitations, we consider the CNTB to be a battery with promising cross-cultural diagnostic properties that may represent a valid cross-cultural alternative to other well-established neuropsychological test batteries for assessment of patients from the targeted ethnic groups. We believe the CNTB fills a fundamental gap in available neuropsychological methods, which is important for improving the quality of dementia diagnostics in culturally diverse patient groups and for reducing ethnic inequality in dementia care.
Further studies are needed to establish the clinical utility of the CNTB. Preferably, these studies should include larger and better characterized ethnic and patient groups, and involve a variety of dementia disorders as well as depressive disorders. Also, to facilitate clinical utilization of the battery efforts should be made to identify the measures with best cross-cultural and diagnostic properties to establish a shorter version of the battery.
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